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Biological 
Transformation 
of Organic Pollutants 
in Groundwater 

John T. Wilson and James F. McNabh 


R.S. Kerr Environmental Research 
Laboratory, U.S. Environmental Protect uni 
Agency. Ada, Oklahoma 7*1820 

R«eni invescigauons have discovered surpris- 
iiwly high numben or microorganisms in shal- 
tor Mier-iabk: aquifers. Evidence is .iccumulai- 
Ingihal these microorganisms mjy, under ccr- 
uia dreum dances, unnifurm many ol die 
organic pollutants thai enter the subsurface 
environment. These transformations can lead in 
Bial destruction or the pollutant or to the pro- 
duction of new organic polluiants. 

Introduction 

The phenomenal expansion of the chemi- 
cal industry in this century, and particularly 
since World War II, has brought us many 
blessings and several new problems. Among 
these is widespread pollution of groundwater 
in industrial areas with organic contaminants 
and the growing pollution of groundwater in 
agricultural areas with pesticides and herbi- 
cides. The role played by microorganisms in 
the destruction of organic contaminants in 
surface water has long been appreciated. 
However, the importance erf subsurface 
microorganisms in controlling die quality of 
groundwater has only recently become appur- 


Groundwater is Part of 
the Biosphere 

In early studies of the mimhci s of mirml*'.* 
in soils, the microorganisms were counted by 
spreading dilutions of subsurface material mi 
a culture medium and counting the colonics 
that developed. Because very lew colmiies dc- 
vekiped from samples of soil taken below the 
root zone, early microbiologists concluded 
dm this region of the earth was essentially 
devoid of life [H'mAsbm/i, |‘.illj|. Asa result, 
an understanding of the true si/e and impm - 
Unre of the populations ol organisms that oc- 


cur naturally in groundwater was delayed. 
Recently, techniques have been developed 
that allow microbiologists to study all of the 
microbes in the subsurface and not just those 
that could grow on nutrient agar or on some 
similar growth medium. 

Special staining procedures dial distinguish 
cellular material from noncellular particles of 
Live same size and shape have been adapted 
to subsurface material [Ghiorse and Balkwill , 
1983]. After staining, the microbes can be 
counted directly in samples of subsurface ma- 
terial with a microscope. The technique has 
been applied to core material from several 
shallow water-table aquifers and associated 
material frum the vaclose zone. These cores 
were obtained by using special procedures 
developed to provide uncomaminated sub- 
surface samples [Wilson et ai, 19834]. The 
numbers of organisms were surprisingly high 
(Table I). Numbers did not decline drastically 
with depth, and there was surprising uni- 
formity of numbers at different seasons and 
in material from replicate bore holes at the 
same she. 

The population density of organisms in the 
cores vvas comparable with the density of bac- 
teria in nutrient-rich lakes [see Pedros- Alio and 
Brock, 1982). In fact, the total biomass in re- 
gions below the root zone in North America 
is probably much higher than the bacterial 
biomass in the rivers and lakes of our conti- 
nent. Shallow water-table aquifers and associ- 
ated regions of the vaduse zone, therefore, 
are all iniporiaiii microbial habitat, which un- 
til teuiiily had been virtually ignored Ivy mi- 
crobiologists. 

The groundwater microlies weic studied liy 
electron mien 'sci ip v to learn something ol 
their structure and taxonomy. When hnc- 
graiued subsurface material was examined, 
several morphological hums id bacteria wete 
seen [Ghiorse mid Balkwill. 1983; iVi/ton el ill., 
19834]. There was little evidence of yeasts or 
other tiingi. pmto/oa, nr higher animals. 

This makes the assemblage nt Uaviciia in 
these environments unique, Itecaitse orga- 
nisms that ate important scavengers atul 


TABLE I. Numbers of Organisms in the Subsurface Environment 


Depth tu 
Water Table, 


StibsoilS 


Just Above 
Water Table! 


Just Below 
Water Table! 


Lula, Okla* g.G 

February 1981 li.H 3.*1 6-8 

June 1981 9.8 3.7 3.4 

Fun Polk, L a .t 

Borehole 6B (i.O 3.4 1-3 3.0 

Borehole 7 fj.O 7.0 1.3 9,8 

p'nroe. Texast 0.(1 0.5 °- 3 0,6 

Long Island, N.Y.i 

0.0 36 
K . 3.0 170 ~ r„ 

™t. Okla.f 5.0 — — 5 2 

'WiktoetaL [1983], 

J»k oiid Balkwill [ 1982]. 

ji ? hiorse (personal communication, 1982). 

Sm millions per grant dry material. 

TABLE 2. Prospect of Bioirnnsformation of Selected Organic Pollutants in Water Table 
_ Aquifers 


Aerobic Water, 
Concentration of 
Pollutant, pgfl 


Class o f Compounds 

HaWjen aiet j Aliphatic Hydrocarbons 
nchloroethylene 
eirachloroethylene 
V^^'oroetlvavve 
^^"Tetrachloride 
L*hlo reform 

S^Chloride 

Brnm- broeLhane 

fc aiWl meihane » 

Lh lwobenz e nes 
1 ^"benzene 

14 n! C M° robenzene 
i', n ! c h]oroben*ne 

Benzene 

‘oluene 

^n KMI ■ 

Two and ) ^ r P matte Hydrocarbons 

, Fcmr or m „ , n W 

-- - or m ° r , e rings 

t ^l5; l p a TH y incomp,eie - : 

' at w gn concentrabon. 


Anaerobic Water 


none , 
possible 
possible . 
improbable 

probable 
probable 
. probable 
improbable 

probable ■ 
probable 
probable 
probable 

probable. ’ 

\ probable 
probably 

possible 

impeobabje 


none 

none 

none 

none 

none 

improbable 
improbable 
improbable . 

possible 

possible 

.passible 

improbable 

possible. ; 

possible 

possible,".. 

: possible 
probftble 
pbssible-.' 
possible, ; 

I.- 

possible , 

: improbable 


possible* 

possible* 

possible* 

possible* 

possible* 

possible 

possible 

probable 


predators in other natural systems, such as 
protozoa, are missing. Sands and gravels in 
river valleys may contain a wide variety of 
higher organisms [Danietpol, 1976]. Coarse 
material in upland landscapes is yet to he ex- 
amined. 

To confirm the results irf the microscopic 
examinations, the biomass of organisms in 
the core material was also estimated by ex- 
tracting and quantifying certain biochemical 
compounds dial arc usually restricted to liv- 
ing organisms [While et ai, 1983]. The bio- 
chemical analyses for biomass, in general, 
showed good agreement with exacted values 
based on cell numbers. Also in agreement 
with the direct count, the biochemical charac- 
terization failed to detect any of several bio- 
chemicals that are round in protozoa, Tungi, 
or higher animals, bin not in bacteria. 

The biochemical characterization of subsur- 
face material is potentially a very powerful 
tool. Certain physiological groups or bacteria, 
such as the sulfate reducers or the methane 
bacteria, can be detected by the presence nf 
cellular constituents that are restricted to that 
group. On the other hand, the general nutri- 
tional state of the entire biolugical community 
can often be inferred from the ratio or the 
quantities of certain biochcniicals found in 
most bacteria. 

Biotransformations of 
Organic Pollutants 

Organisms in live deeper subsurface envi- 
ronment can iransfmiii many impuritim or- 
ganic pollutants. The rate of transformation 
is limited by the numbers and activity of die 
microorganisms, while Lite extent or it a infor- 
mation is most frequently limited by some re- 
quirement for metabolism such as oxygen. 
pH buffering capacity, or mineral inn rictus. 

As a result, the biological fate of a ixirtiru- 
lar class of uignnic pollutant is u nil rolled Ivy 
the geochemical piuperties of the subsurface 
etivmnimcni. For example, Wilson et al. 
[1983a] and Wilson rial. [19834] found no ev- 
idence lor biological degradation of chlori- 
nated aliphatic hydrocarbons in three shallow 
aerobic aquifers. On the other hand. Pursuits 
[ 1983] showed that many of these compounds 
could be transformed ill an aerobic subsoil. ia* 
material, lit muck soil from Florida. Larlxm 
tetrachloride was transformed to c-hlorofoini. 
Similarly, ictracliloruelliylene was trans- 
formed to trichloroethylene, then to all three 
dicliloructhvlencs and perhaps to vinyl chlo- 
ride. In a study of the fate of halogenalcd hy- 
drocarbons in treated municipal wastewater 
after injection of wastewater into an aquifer, 
ft, miifi ,i ,i ( [1981] lout til ili.n cbloioloiiH 
and sever, il other Ivalogen.iied methanes were 
transformed readily ill the anaerobic water in 
the aquifer, and tri- and letrachloroetbylene 
disappeared at a somewhat slower rate. 

The geochemical properties of the subsur- 
face environment also limit the degradation 
of organic pollutants that are natural prod- 
□cis, as opposed to synthetic industrial chemi- 
cals. Ehrlich et al. [1982] studied the late or 
- creosote waste in a contaminated aquifer and 
found that many phenolic compounds in the 
waste were being degraded to carltou dioxide 
and methane by an anaerobic consortium of 
bacteria in the aquifer. However, they found 
no evidence Lhat polynuclear aromatic hydro- 
carbons such as naphthalene were being de- 
graded under anaerobic conditions in Hie 
aquifer. 


Predicting Degradation 
of Organic Pollutants 

The relationship between the concentration 
or a pollutant and its Fate Is complex. At rea- 
sonably high concentrations <>100 pg/1) utili- 
zation of a pollutant can provide an ecologi- 
cal advantage, resulting in an increase in the 
numben of microbes that metabolize the or- 
ganic pollutant. Al concentrations less than 
10 g.g/1. use of the pollutant usually does not 
provide enough of an advantage to lead to 
enrichment, of active organisms. Al concen- 
trations greater than 1,000-10,000 p.g/1, me- 
tabolism or the pollutant can entirely deplete 
oxygen or other metabolif requirements in 
the groundwater. 

As a result, compounds that usually are 
considered degradable may not be trans- , 
formed by die subsurface microorganisms if 
the compound is present al low coricentra- ; 
lions. Similarly, compounds present at high 
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concentralton may be only partially degraded. ■ ' f.JUij 

when oxygen is entirely depleted and can ■ Jf% J}(% IQQQ V 

bi> rieirraded further after dispersion or ■ ft/ W f 


none 
none 
nope 
none .- 
pnlbablet, 
possible ' 


only be degraded further after dispersion or 
other phyJcal processes mix the contaminat- 
ed water with oxygenated waLer. 

Table 2 presents the authors' opinions .con- 
cerning the prospects For bloLransformalion 
of seveml important classes of organic pollut- 
ants in groimdwater. These predictions are 
based on a cautioiis extrapolation Front the 
tiehgviordf these compounds in other natural ■; 
- systems and on our qdthiltedly jlmited expert- ; 
ence Willi their behavior in thie subSUf face 
environment The research. effort in ilns aitn . 

is expanding- rapidly. As. pur knowledge. _ . 

grows, microbiology should become a useful ■ 
complement to the earth sciences in our 
... seareh for p beLter Understanding. pr the be; . : 
ItaviPr of 1 organic dpntam|nariis.in the subsur-' , 
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Borehole Sensor 
Records Quake 

A permanent, self-con la inert borehole seis- 
mometer placed at H a N, lG0 o E in the north- 
west Pacific on September 1 1, 1982, recorded 
the May 26 Japan quake while being serviced 
by the R/V Kane Keoki. The signal was re- 
corded digitally (1(10 samples per second) and 
is undipped. Data are well above noise level 
from 0.03 Ha to over 40 Hz, a frequency 
span of more than 10 octaves, on ail three or- 
thogonal seismic components (4.5 Hz geo- 
phones). The 30 sec signals are shear and 
surface waves recorded 84 dB below the peak 
response of the gcopl tones. 

The instrument, placed by Hawaii Institute 
of Geophysics (HIGj scientists working from 
the D/V Gloat nr Challenger (DSDP Leg 88), 
also contains temperature and tilt sensors. 
The tih sensors also recorded the quake. The 
seismometer is 20 m into basalt at the bottom 
of a 380 m hole in 5407 m of water. The 
noise levels are very low (0.4 nmVHz at 1 Hz, 
10' 4 nm*/Hz at tiHz, find 0 x |Q- 7 nnmizat 
20 Hz), making it one of the quietest short- 
period seismic stations in the world. 

While servicing the system, the HIG scien- 
tists recovered 04 days or continuous seismic 
data recorded Ik tween September 13 mul 
November lli, 1982. Earthquakes were re- 


corded about once per hour during Lhat peri- 
od. A second tape package will record the 
borehole data between May 26 and July 20, 
1989. 

Fred Duennebicr, project scientist for the 
ocean sub-bottom seismometer, notes that die 
R/V Kana Keoki was extraordinarily lucky to 
be on site on the day of a major earthquake 
{which occurs only about once per year in the 
North Pacific). Data recording had begun 
only 8 hours before the quake hit. The in- 
strument was designed with funds from the 
National Science Foundation and is now 
funded by the Office of Naval Research. 

This news Hem was contributed by Frederick K. 
Duennebier, who is with the Hawaii Institute of 
Geophysics, University of Hawaii at Manoa, Ho- 
nolulu, HI 96822, ' 

EDITOR S NOTE: 

The June 7, 1989, Eos incorrectly re- 
ported that die subsen seismic station placed 
earlier this year by the Naval Ocean Research 
and Development Activity’s Marine Seismic 
System (MSS) office was the first of its kind 
("First Subsea Seismic Station," p. 403). The 
first subsea seismic siaLion wns the Hawaii In- 
stitute of Geophysics ocean siib-boltom seis- 
mometer, which was first placed in 1979 off 
the coast of Mexico and was successfully 
placed two other times before die deploy- 
ment of die MSS instrument. 
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Recordings at the May 2G, 1983, Japan earthquake made by 4.5 Hz aeon hones -located 
a hole under the Pacihc ocean ai 43’55’N. 155“48'E. about 1G° from the epicenter The 
seismograms were made from filtered digital data band-passed from 0. 1 Hz to 0.0 10 Hz. 


Earth Science 
Ph.D.’s Down 7.3% 

If the health of an academic discipline can 
be measured by the number of doctorates 
awarded, then there is good news for science 
and engineering: The total number or Ph-D.'s 
awarded in 1981 by universities in the United 
Slates rose 2.5% (to 17.629) Trom 1980. Not 
such good news for the earth sciences, 
though: The number of doctorates awarded 
in 1981 in the earth, environ men Lai, and ma- 
rine sciences (EEMS) dropped 7.3% (to 582). 
the sharpest decline in all science and engi- 
neering categories (see Table 1) according to 
a special report by the National Science 
Foundation (NSF). 

The number of EEMS doctorates dropped 
in 19HI to the levels of the earlv 1970's (in 
1972, (MM EEMS Ph.D.'s were awarded). NSF 
snvs preliminary data show that the number 
of science and engineering doctorates grant- 
ed in 1982 is virtually the same as for 1981; 
litis preliminary dam was not broken down 
into subject areas, however. 


TABLE |. Dock. rales Awarded to Men and 
Women in U. S„ 1980 and 1981 


The two fields within EEMS granting the 
most Ph.D.'s in 1981 were solid eardi geo- 
physics and oceanography; the two fields con- 
ferring the fewest were geomorphology and 
glacial geolag)- and atmospheric physics and 
chemistry (see Table 2). Of the 582 EEMS 
doctorates. 56 went to women, according to 
NSFs special report Science and Engineering 
Doctorates: 1960-1981. 

Roughly 80% (47 ] ) of the 582 EEMS doc- 
torates were U.S. citizens. 17% (100) were 
non-U .S. students, and 1 1 students did not 
specify citizenship. Orihe non-U.S. students 
21 were from Europe, 17 from Africa, 1 1 
from East Asia, 10 from West Asia, 9 from 
Australasia, 7 from Canada, 6 from South 


TABLE 2. Earth, Environmental, and 
Nlarine Science Doctorates Awarded 


Field of Doctorate 1980 Total Men Women 


CaUrgorj- 

1980 

1981 

Clmnge, 

% 

Eurtli, environ., 

628 

582 

-7.3 

& marine 




sci. 




Physical sci. 

2.521 

2,026 

4-4.2 

(Phys. & as- 

(983) 

(1.015) 

(+3.3) 

iron.) 




(Clicm .) 

(1.538) 

G.6II) 

(+4.7) 

Engineering 

2,479 

2,528 

+2.0 

Mathematical sci. 

962 : 

960 

-0.2 

! Jfe sci. 

4,716 

4,783 

+ 1.4 

(Biol, sri.) 

(3.804) 

(3,801) 

(-0.1) 

(Agricul. sci.) 

(012) 

(982) 

(+7.7) 

Social sri. 

2,795 

2.787 

-0.3 

Psychology 

3,098 

3,357 

+8.4 

NptiscL &. non- 

13,817 

13,698 

r-0.9 

eng. 




Total, ail fields 

31,016 

si ,319 

+ 1.0 . 


Applied genl. 
Atmospheric 
dynamics 
Atmospheric f 
& t hem. 


Earth sci., otliei- 


Gcochem. 51 

Geuniorphdlogy & ]5 

glacial gcol. 

Geophys., solid 71 

earth 

Hydro!. & water 27 

research 

Marine sri. . 25 

Mineral., petrol. 47' 
Qceartogr. 85 

Paleomol. 21 

Stratigr., sedimeu- 40' 
tol. .... 
Structural geol. , 20 

Total. 1 i 628 


27 

21 

21 

0 

20 

27 

26 

1 

19 

15 

14 

1 

51 

31 

30 

1 

48 

46 

42 

4 

21 

in 

14 

2 
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Volcanic Sulfur 

Although I may be overly demanding in 
expecting a member of the Eos stall' to Ik 
familiar with recent articles in AGU jour- 
nals, I am moved lu make a mild protest 
concerning attribution in the "Volcanic 
Sulfur Dynamics" news item by Marin K. 
Godinez (Etu.Junc 14, 1983, p. 41 1). 

Since Lite news story stated (hat an im- 
portant result of the RAVE experiment 
was to estimate (lie SO? dux from Mount 
St. Helens on just one day. 1 must point 
out that both my research group nnd 
USGS scientists have monitored the emis- 
sions from Mount St. Helens and estimat- 
ed SO2 (and other) fluxes over extended 
periods of time. Our results, which were 
based on in situ airborne measurements 
carried out over a period of a year, in- 
clude estimates of the flux rates of SO». 
H?S, HsO, sulfates, halides, and various 
other particles, prior to, din ing, and alter 
the explosive eruption of Mount St. Hel- 
ens oil May 18. 1980 [Hobbs el at., 11)83], 
The USGS measurements, which are 
made remotely through use of an air- 
borne con-elation spectrometer, also com- 
menced in 1980 and have provided data 
several times a week since that lime [Cesn- 
devallel al., 1981]. We have also estimated 
llie fluxes of various materials (including 
SO,) from eight oilier volcanos [Radke et 
al., 197(5; Stith et al., 1978; Radke. 1982]. 

In summarizing (correctly) the conten- 
tion of Berrrsheim and Jneschke [ly83],lhe 
news story states: “Emissions of sulfur 
during noneruptivc phases, previously ne- 
glected by researchers, are the main source of 
die volcanic sulfur in the atmosphere” 
(italics added). We staLed in 1978: “A 
large fraction of both the gaseous sulfur 
and small particles produced by the 1976 
eruption of Saint Augustine were emitted 
during the milder eruptive periods (intra- 
erupiive and post-eruptive). As far as tro- 
pospheric effects are concerned, perl nips 
more attention should be paid to these 
types of emissions, which inject panicles 
and gas into the atmosphere over long pe- 
riods or time, than to the more sporadic, 
extremely violent volcanic [laroxysms, 
which generally attract most interest" 

[Stith et al., 1978]. Concerning Mount St. 
Helens we wrote: "the long-term posi- 
erupiive emissions (of sulfur gases) domi- 
nated the annual inputs'' [Hobbs et ul., 

1982], Nihil sub sole novi. 


America, 5 from Mexico and Central Ameri- 
ca, and 1 from the legion classified as "Culm 
and the islands"; the remaining 13 non-U.S. 
students did noi specify their homeland. 

Women receiving doctorates in the earth, 
environmental, and marine sciences in 1981 
tended to be younger than ilicir mate class- 
mates. And, while women receiving EEMS 
doctorates in 1981 were younger than those 
women receiving doctorates in 1980, men re- 
ceiving doctorates in 1981 tended to Ik older 
than those receiving the degree the previous 
year. The median age of EEMS women doi- 
toraiesin 1981 was 29.94 years, compared to 
30.50 years in 1980 . The median nge of 
EEMS men doctorates in 1981 was 31.06 
years, compared to 30.87 years in 1980 . 

For die EEMS doctorate class of 1981, less 
time elapsed between the baccalaureate de- 
gree and the Ph.D. for women dian for men 

ul « S - reporL For women receiv- 
ing EEMS Ph.D. s in 1981, the median lime 


hiirfll) .lhe news story’s statement 
effects » still unr acid (from volcanic 
eruptions] are minimal in the tropo- 
sphere" should nm gn nnchallcnij TW 
mg .nir airborne studies of the eLem, 
from Mount St. Helens we collected wL 
samples that had pll's less than unitv 
[Hobhs et al., 1982]. Clearly, the large 
quantities of sulfur (and other acidic) sub- 
stanc es, emit led liy some volcanos have 
the potential In cause significant local and 
regional impacts in the troposphere, in- 
chiding acid lain. I11 the case of the' Am- 
arctic, it has Ikcii estimated that the sulfur 
emissions from Mount Erebus could con- 
irilxiic as much ns -30% to the total at- 
(iKuplicric sulfate budget or that continent 
[Radke, 1982]. 
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between haecula 11 reate aiul advanced degrtf 
was 7.63 years; for men it was 8.36 yean- In 
1980, however, l lie discrepancy wassmallrr 
the median lime was 8.00 years for women 
and 8.0(i years for men. Those receiving dot- 
ionites in EEMS in 1981 took longer lined® 
average was 8.27 years) to complete their de- 
grecs than any class had in at least 22 )*»*• 
In addition, this median average is longer 
limit die median average of 7.03 years i* - 
tween hurrukuimitc and Ph.D. for nil wtn« 
ami eiigi 1 leering doctorates. The slioneti rot- 
climi time between bamtlaurcaic and Pb.D. 
among all science and engineering fields 
for the physic-ill sciences (6.38 years), eq*?"' 
ly chemistry (5.99 years); the longest median 
time was for the social sciences (9.30 J®** 
The median average between the iwodepw 
was longest (12.22 years) for nil nonsoentf 
and nonengineering doctorates. This W 1 /* 
includes ductoi atcs where no field special#' 
lion could he ascertained. 


AMERICAN GEOPHYSICAL UNION 


Water Resources 
Monograph 5 c» 
Series £ 


Synlhelic Slreamflows (1971), M.B 
Bering and B.B. Jackson (eds.). 
Illustrations, softbound, 98 pp. $-jq 

5S efi ''£ 0,t Ana,ysis for Water 
S , r n n^ nI ? (1971) ' C ' W - Howe 

S«pp $i s i ra s ' softbound - 

Outdoor Recreation and Water 
Resources Planning ng74) 1 1 
Knetch <ed.). I Nustrations, soft- 
bound, 121 pp, $ 10 , 

Mu III abjective Water Resource 
P anning (1977), D.C. Major (ed.). 
Illustrations, softbound, 81 pp. SfO 


cem ages have been rounded.; 


27 26 .1 

682 526 56 . 


WRITE: 


SouVce: National Science Foundation. 


800-424-2488 •; 

462-6903 (local) ; 
American Ceoj,hy,!cal Union 

7000 Florida Ave., NW 
r Washington. DC 20009 ’ • 


Groundwater Management! Tjj* 
Use of Numerical Models (1»0)’ 
Y. Bachmal, J. Bredehoeft, B. 
Andrews, et al (eds.). Illustration*! 
softbound, 135 pp. $10; 

Metropolitan Water Managemen! 
(1961), J.G. MHIIken and.C.C, 

Taylor (eds.). Illustrations, soft- 

bound, 192 pp. $10 

Urban Stormwater Hydrology 
D.F. Klbler (ed.). I H usl rations, 
softbound, 280 pp. $18 

The Scientist and Engineer l n 
(1983), M.D. Bradley. Illusiratjo" ' 
softbound, 114 pp. $14' ' . ' • 

Groundwater Hydraulics (In ' 

J.S. Roserishein and G.p. Benn®« 
(eds.). Illu>lratlbns, soflbpunp- 
approxitnately 280 pp. 1 '! j. ' 

Orders under $50 A*' 

AGU members receive 30% 


August 16, 1983 EOS 


NSF’s special report also analyzes the disiri- 
JL of science and engineering ilocioraics 
inferred al the top 1 00 doctorate-producing 
Simiions in the U.S. Those universities ihm 
Sited more than 200 EEMS doctorates lie- 
® n i960 and 1981 inclusive are The Pemi- 
svlvania State Univ.; Stanford Univ.; M.wu- 
thuseus Institute of Technology; the Univ. of 
Wisconsin — Madison; the Univ. of Waslmig- 
Univ. of California (UC), Los Angeles; 
Columbia Univ.; the Univ. of Michigan; UC, 
Berkeley: UC, San Diego; the Univ. of Arizo- 
na; Texas A&M Univ.; the Univ. of Illinois; 
Handl'd Univ.; Oregon Stare Lhiivcrsity; and 
Ohio Slate University. Though also in this 
top 100 category, Brandeis, American, Tem- 
ple, and Vanderbilt universities granted no 
EEMS doctorates 1960-1981, accoiding to 
NSF.— B77? 

IUGG Corrections 

A paper entitled Geochemical Evolution or 
the Crust and Mantle by Donald J. DePaolo 
*ai inadvertently omitted front the table or 
contents published with the IUGG Overview 
of Volcanology, Geochemistry, and Petrology. 
The overview appeared in Eos, August 2, 

1983. p. 481. 

A paper entitled Accreted Tei i anes by 
Amos Nur that was submitted to the Tecton- 
ophysics section of the IUGG repori was 
omitted from the July issue of Reviews of Geo- 
ptyks and Space Physics. The paper will ap- 
pear in the November issue of RGSP as an 
addendum to the IUGG report. Members of 
iheTectonophysics section, who received the 
Teacmophysics report, will receive a reprint 
of this article. 
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Ph.D. Data 

Eos plans to list, regularly, the tides and Physics of the Jovian 

authors or recently accepted doctoral dis- MaffnetOSnherP 
sertanons in the disciplines of geophysics. iV AagIIClOSpnere 

dCgre “ a ’’ ard ' A.J Dtuirr (Ed.), OuMdp />/„„«. Sri. to.. 
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Ph.D. dissertations on stationery of the de- n . . * . r- 
gl ee-graining institution above the signa- Remeu ' ed h A »drew F. Cheng 



lure of the faculty advisor or department 
chairman. The information must include 
the following four points, which will be 
published as received: 

(1) Title of the dissertation. (If work is 
not written in English, give the English 
version of the title, and the name of the 
original language) 

(2) Author 

(3) Name of department and institution 
granting the degree 

(4) Month and year degree was awarded 

ir possible, include the address and tele- 
phone number of the degree recipient 
and information on how a copy of the dis- 
sertation or its abstract may be obtained. 

Send die information to Eos, 2000 Flori- 
da Avenue, N.W., Washington. DC 20009. 


Recruiting 

Astronauts 


The National Aeronautics and Space Ad- 
ministration (NASA) is recruiting candidates 
for its 1-year training and evaluation pro- 
gram for space shuttle pilots and mission spe- 
cialists. Applications will be accepted between 
October I and December 1. 1983; selections 
will be made by May 1984. and successful 
candidates will begin their naming in July 
1984. 

Candidates for mission specialist must have 
n bachelor's degree from an accredited insti- 
tution in engineering, in the biological ur 
physical sciences, or in mathematics. The de- 
gree must be supple-uiciiit-d by at least 3 
ycais of related professional experience. An 
advanced degree is desirable and may be sub- 
stituted lor all or part of die experience re- 
quirement. 

Applicants for pilot positions must have a 
deg ice in the iiaim al sciences and ai least 
1.000 hours of pilot -ill-coin mil iu! lime in high 
performance jet aircraft. 

As part of its aflu mativc action program, 
NASA is encouraging applications from qual- 
ified women and minoniy candidates. Cur- 
rent regulations require thaL U.S. citizens be 
given preference for all apppoimmenls to the 
program. 

Requests for an application package should 
be addressed to Astronaut Candidate Pro- 
gram, Mail Code AHX, NASA Johnson Space 
Center, E-Iouston, TX 77058. 
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The American Institute of Physics (AIP) of- 
fers reduced rates for subscriptions of its 
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person to each journal. 

Rates for 1984 for AGU members are list- 
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Physics Today • 49 
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twills 

New York. NY 1QQ 17.-57* 


Physics of the Jovian Magnetosphere is a com- 
prehensive reference devoted to the latest ad- 
vances ill Jovian magnetosphere physics. 
Spectacular discoveries by the Pioneer and 
Voyager spacecraft have led tu an explosive 
development in the subject, with unprece- 
dented coverage iu both the popular press 
and the technical literature. Since 1974 no 
less than four special issues of Science, three 
special issues of the Journal of Geophysical Re- 
search, and special issues of Nature, Icarus, and 
Geophysical Research Letters have been devoted 
to Jupiter. 

Why all Lhe fuss? The Jovian magneto- 
sphere is simply one of the most exotic nnd 
interesting objects in the sky. 

1. Jupiter's magnetosphere is the iiiosl 
powerful planetary radio source ill the solar 
system, with n spectrum ranging from ~IU 
kHz, Lou low iu propagate even in the solar 
wind, to above a Gl-lz. 

2. The radio emission at 10-1000 m wave- 
lengths is pulsed at Jupiter's relation (Kiind. 
The decametric radio emission is also modu- 
lated at lu's orbital |icriud. Similar intense, 
periodic radio emissions are characteristic of 
the earth and the radio pulsars. 

3. An ultraviolet aurora on Jupiter appears 
to be puwered ultimately by the rotation uf 
Jupiter raihei than by solar wind inler.iiiinii 
as at earth. 

4. A sulfur and oxygen ion plasma, with 
density and temperature similar in the Orion 
Nebula, is found near In's mbit. The wunce 
of this sulfur and uxvgen appears lu Ik lu's 
volcanos. Siilfm and oxygen ions iloniinaie 
the mass anti charge density of die magneto- 
sphere. 

f>. Optical and ultra violet emission lines arc 
observed. Solar resonance lines arc dcicucd 
from sodium and potassium • limits, and colli- 
sinnalh excited forbidden and allowed transi- 
tions arc observed from sulfur and oxygen 
ions. 

6. A hut heavy ion plasma is found iu the 
outer m.ignetosplieie. composed ntainlv nr 
sulliir and nxvgcn ions with typical energies 
-35 keV. 

7. Jupiter's magnetosphere is the dominant 
source of less than -40 McV electrons in the 
solar system. It is also known to be a source 
of soft X rays - 0.1-4 keV, energetic neutral 
particles -40 keV, and energetic Ha or Ha* 
molecules above an MeV. 

Thus, the Jovian magnetosphere is not only 
a uniquely interesting object in iu own right 
but, in addition, it has significant implications 
for many astrophysical problems, such as 
physics of radio pulsars, Hll regions and 
planetary nebulae, and energetic particle ac- 
celeration. No less significant are the implica- 
tions Tor problems closer lo home, such as 
the aurora, physics of plasma transport and 
healing in planetary magnetospheres, and so- 
lar-terrestrial interactions. 

Many workers in astrophysics, space phys- 
ics, and geophysics are undoubtedly aware 
Lhat exciting discoveries have been made 
about Jupiter but have been waiting for the 
early results to be collected and digested. 
These people need wait no longer. Here, in 
die book Physics of the Jovian Magnetosphere is 
a comprehensive, up-to-date, and authorita- 
tive ireatmem of the latest advances in the 
field, up to 1982. 

The book consists of 12 chapters by 16 au- 
thors, with a uniform notation and terminolo- 
gy. The chapters can be read in any order, 
and each chapter is essentially self-contained. 
There is no significant duplication of material 
between chapters, although there is minor 
overlap with the companion volume Satellites 
if Jupiter. 

The first eight chapters give a complete 
and uniformly excellent review or the obser- 
vations. These chapters alone are worth the 
price of the book. The remaining four chap- 
ters are theoretical and vary widely In scope, 
depth, and. detail, A unique bonus is the ftp- 
peiidix on Jovian coordinate systems, which 
gives a useful explanation of the many Jovian 
latitude and longitude conventions. The level 
■ 0 F die book, particularly in the cjbservaiidnal 
chapters, is suitable for graduate students 
and research workers outside the field. Some 
. of die material In the theoretical chapters will 
) x hilly appreciated only by experts in plas- 
. It might have been helpful lo.provide an 


In shnrt, this book is a unique and invalu- 
able resource, which should be considered an 
essential acquisition for libraries and individ- 
uals interested in space plasmas and plasma 
astrophysics. It is also highly recommended 
for astrophysicists and space physicists in gen- 
eral. 

Andrew F. Cheng a with the Applied Physics 
Laboratory, The Johns Hopkins University, Laurel, 
MD 20707. 

Satellites of Jupiter 

D. Morrison (Ed.), University of Arizona 
Press, Tucson, Arizona, x + 972 pp., 3982, 
$49.50 

Reviewed by D. J. Stevenson 

Future historians of science will look back 
on the arrivals of the Voyager spacecraft hl 
the Jupiter system in 1979 as very significant 
events, primarily because of the rental kahle 
diversity of new phenomena discovered on 
die Galilean siaiclliies. In a short lime period, 
there was almusi n doubling of the tin in tier of 
solid “planci ary' 1 1 indies tor which substantial 
scientific analysis is possible- Scientists were 
introduced to the novelties iff lidally healed 
bodies and of fee icrnniics. From a more fun- 
damental (mini ul’ view, there is imicli io Ik 
learned almm the origin and evolution of 
planets and ihcir environ men ts from ninth. sis 
or die satellite systems. Any doubts almm die 
importance of siudviiiK planetary satellites 
m usi have been dispelled by the Voyager mis- 
sions. 

A meeting was held in Hawaii. May 
primarily m present and to discuss die results 
of the Voyager i drier vat inns of I he Jovian sat- 
ellites. Arising from lhe meeting came this 
new bunk. Another in die excellent Spate Sci- 
ence Seties uf veil mites published by the Un- 
vicrsiiy of Arizona Press. Edited liy David 
Morrison with llie assistance *»f Mildred Sim- 
pler Mail hem. Satellite* nf Jupitei invi lives 47 
■:i:ili.ihnraiing am burs. 24 eh:i|>u-i s. aiul is fur 
l be most pari impressively cninptcheiisivc 
and at it horii alive. Perhaps inevitably it is also 
probably the least siiiccsslul in iliis series <>l 
volumes. Even this is a mild tiiiicisiu because 
of the high standards achieved and main- 
tained by ihesc books. 

The problem lies in the nature nf llie sub- 
ject mailer and the c ire must antes in wh'u h 
this book was produced. Whereas most previ- 
ous volumes (c.g., Pluuehiry Sate Hites, .-Wt’foifhl 
consisted primarily of thoughtful, broad, ami 
integrated reviews or vscll-csiablishcd subject 
matter, nudiois in Satellites of Jupiter were 
con fronted with Llie task of digesting an 
enormous data set and presenting overviews 
or new science in a short period of time. Most 
of die chapters were finished less than IK 

Books ( coni, on p.508 I 


Introductory overview chgpier, y»hich would , 
P pnnlivsicists • ' have^ glyena survey of the main iphcnomenol- 

UcOpUy V . •• . otry assessed thecurrent staiujof the field, 

. . V- 1, indicated some directions Toy future develop 1 ; 
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NEW TITLES 
FROM AGU 

Geologic Map of lhe Rio Grande RIH 
and Soulheastem Colorado Plateau, 

New Mexico and Arizona (1SB3), 

W.S. Baldridge. Y. Barlov, and A. Kron. 

Full 11-color map, 2-slded, 91 cm x 1 17 
cm, referenced arid annotated. $13 list, 

$9 members. (These are pre-publication 
prices, valid until September 30, 1983.) 

The Sciential and Engineer In Court 
(1983), M.D. Bradley. Illustrations, 
softbound, 114 pp. $14 

Groundwater Hydraulics (In press) 

J.S. Rosenshein and Q.O. Bennett (eda.). 
Illustrations, softbound, approximately 

280 pp. 

Qaodynamlca of the Eastern Pacific 
Region, Caribbean and Sootla Area 
(1983), R. Cabrfi, S.J., (ed.). IHuBlraUorvs. 
hardbound, 178 pp. $24 

Profiles of Orogenlc Belts (1983), 

F.M. Delany and N. Reel (eda.). Illustra- 
tions, color plates, map, hardbound, 

320 pp. $36 

Geodynamlca of the Western Paolfic- 
Indonealen Region (In press). J. Hllde 
and a. Uyeda (eds.). Illustrations, color , 
plate, hardbound, approximately 466 pp. 

TO ORDER THESE NEW TITLESi 
CALL: .800-424-2488 
. i ' 482-6903 (local) 

WRITE: American Gaophyalcal Union • 
2000 Florida Aw.. NW; 

' ' Wdaliingtbn, DC 20009 . { : - 

; : . Ambers recelva 30% discount ) 

" ; Orders under $50 rmisl be prepaid - 
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Books (nut. from p. 5 07) 

months a Her the Voyager encounters; a late 
chapter nr two greatly delayed publication 
until 1982. As a consequence of the limited 
lime and the novelty of the science, some uf 
t lie chapters read more like journal papers 
than review articles. This reviewer also sus- 
pects (hat many of the theoretical interpola- 
tions presented will lie (or arc being) super- 
seded. In fact, most of the fundamental ques- 
tions posed by the Voyager results remain 
unanswered. For example, the Item flow or to 
is not quantitatively understood (although the 
tidal heating proposed by Penlc et nl. is not 
seriously in doubt), the nature uf Europa’s 
surface and outer regions remains enigmatic, 
no entirely satisfactory explanation yet exists 
for the remarkable surficinl dissimilarity of 
Ganymede and Cqjlisio, nil aspects of the sat- 
ellite histories (orbital evolution, cratering, in- 
ternal structure, surface modification, atmo- 
spliericj remain controversial, the geochemis- 
try of lo's volcaiusm is puzzling, and the 
dynamics of the lo plasma torus remain un- 
clear. Controversy and uncertainty are the li- 
feliood or science, hut the level uf ignorance 
may not be apparent to the reader cunh-um- 
cd with 972 pages nf in format ion overload. 

This book is nevertheless indiipcnsiblc to 
the planetary scientist and invaluable to the 
graduate student nr researcher entering (or 
contemplating) this area. Around -10% of the 
tuxt deals with lo, an appropriate fraction be- 
cause of the diversity <>r phenomena related 
to it. The miter Gnlile.m .satellites also receive 


extensive coverage, and separate chapters are 
devoted to the rings or Saturn, Amahhea, the 
outer satellites, and the lo torus. However, 
most of the chapters deal with physical phe- 
nomena rather dian with specific bodies. 

Notable chapters include S. W. Kieffer's 
very thorough (although possibly too de- 
tailed) effort on the dynamics and thermody- 
namics of volcanic eruptions; no comparable 
effort exists anywhere else. The effort by 
Shoemaker and Wolfe, on cratering lime 
scales, is also a remarkable if somewhat con- 
troversial synthesis of exisiing data and the- 
ory. Ostro's chapter on the radar observations 
of the icy satellites is interesting becuase it of- 
fers a tantalizing glimpse of the nature of the 
uppermost few meters, potentially very im- 
portant for understanding the compositional 
and tectonic evolutions of these bodies. The 
chapter on atmospheres by Kumar and Hun- 
ten is succinct yet diorough, and the geologi- 
cal chapters (Ganymede by Shoemaker et al., 
Europa by Lucchitta anti Soderblom, lo by 
SEiaber) are uniformly well written and good 
at the descriptive level (but occasionally fal- 
Lering at the interpretive level). 

Typical of the University of Arizona Space 
Science Serin, this text is well produced, with a 
small (but finite) density of typographical er- 
rors and a substantial but understandable 
price in view of the hulk. It could have bene- 
fited Tram stronger editorial control to re- 
duce length, and it also suffers from a small 
but significant number of poorly reproduced 
Voyager images or maps (even allowing fnr 
the limitations of non-glossy paper). 1 l will re- 


main a very useful text for many vents, il 
only because oF the infrequency uf deep 
space missions. 

D. J. Stevenson is with the Divuion nJCculngi- 
cal and Planetary Sciences, California Institute nj 
Technology, Pasadena, CA 91125. 

Physique Molecuiaire: 
Physique de 
l’Atmosphere 

C. Camy-Pcyret (Ed.), Editions du Centre Na- 
tional de la Recherche Scieniifiquc, Paris, 502 
pp., 1982. 

Reviewed Oy Marcel Ackerman 

Physique Molecuiaire: Physique tie I'Atmtaphere 
is a collection of lectures presented nl u win- 
ter school on the “Application of Molecular 
Physics to the Atmosphere and to the Envi- 
ronment," organized from December l-IU, 
1983, in Montfoulon (Normandy) under the 
auspices of various French govern inciiUil 
agencies including the National Center for 
Scientific Research (CNRS), the Center for 
Nuclear Studies, and the National Center for 
Space Studies (CNES). This initiative is part 
of a policy which developed a few years ago 
in France and is intended to promote inter- 
disciplinary activities in order to foster inter- 
disciplinary research. 

Since the early 1970s, several serious ques- 
tions have been pul to the scientific commu- 


nity «.mc.rm„g tin* possible effects of b» • 

nil nrilm on the atmosphere and the g 15 
impact these ellecis have o„ the di^Tl 
goal nl these lectures was m encouZ^ 
Fieiu h xtieimlic umin, unities active j„ MntaL 

nmy. chemical k.netks. met ecology 

tmsropy work together on timi ng 
Ol upper at ,«ic >spl tere-el imate relationS™ 
since they otter a typical intcrdiscipl J’ 
character. Most of ihc 12 lectures are b? 
French, except fur two that are in Eti 
and can Ik? decided into « wo groups: LI 
ducunus „ the structure of tfie atmospW 
the |i imochcmiMry and spectroscopy 
muspliciii' gases, the radiative transfer and 
the dynamic modeling of transport phenon* 
mi and photochemistry in the atmosphere 
ami more specialized treatments of remote 
sensing and in situ techniques used to ©ihe, 
data nil the atmosphere from die ground aj 
well as from airborne and space platforms i» 
passive and active modes. 

Most or the papers are clearly presented 
and arc well documented with general as htfl 
as specific references on the various topia 
There are, however, some inliomogeneitiB 
among the presentations and redundancies u 
the presented material. The book will be U* 
Till not necessarily only to Jlueni French retd- 
ers, since the hook is essentially technical, and 
it may be a useful introduction lo the many 
very specialized reports and proceedings tb 
have appeared in the last 10 years. 

Marcel Ackerman is with the Belgium Sfwt 
Aerononty Institute in Uccle, Brussels. 






RATES PER LINE 

Positions Wanted: lint iuktihui J1.73, addition* 
ul iniciiKHis S | .5(1. 

Positions Available. Sendees, Supplies, Courses, 
and Announcements: In si iiiHL-i (i< ■■■ J-t .'ll. j,|- 
iliiiuual iiiH-iuims S'i.73. 

Student Opportunities: Ihm iiiseiiinn tree, udili- 
limul iim-riimis St. Ml. 

I hen* an- m> dimniiiis oi c*niiiiii%«i(i|i« mi 
cl.issifu-tl aiU. Anj t)|u- sole ili.n is uni puliiidi- 
ei s cli, iicc it charged for ac i*ei u-r.il .idu-ribing 
rales, f.n it pulilislit.il weekly tin ruesdin. Ads 
must In* iL\duxl in u riling nu Mumbt. 1 week 
prim iu die dale ol piiLliidiinn. 

Keplit s id ads with Iha nnmlier. shnuld lx- 
.idilrettrH in Hn\ — , Amcrfi ,m cieuplivsiru) 
L ; ninri. "miO F(<>ii,|.i Ateimr. N.W., Watliinj- 
mii, 1). C. I'llllllp. 

For further inton iialiuu, >ull lull free SU0- 
42-1-24X8 nr, in the Washington. D. C.. area 
•lfi2-ftUU3. ’ 


l*OSI HUN'S AV'AII.AIll.E 

Research Assoc la le/PeLrography- Petrology, To 
join a research effort aimed at iindcnianilinff ihc 
coiulentaiiun history ur ilie tolar system Lv mincral- 
rigical, chemk.-d, and isotopic studies of tiiii- inclu- 
sions in primitive meteorites. Applicani need uoi 
have previous experience with meteorites but 
should U- a superb petrographer, skilled in ihc use 
or ihc SEM and electron probe. Sucrctsliil candi- 
date will be dedicated, productive, an effective com- 
mil i oca in r both oralis and in writing, and will have 

irioa ,n V ' acanc ) expected in mid autumn 

iys 5. 

Send resume and names of ihrce references to: L. 
Grossman. Department or ihe Geophysical Sciences 

go^lLO&S ? 5134 5 - Ell “ Aven,,e - Gliica- 

The Unhersiiy pr Chicago is an Equal Oppununl- 
ty/Affirniati ve Anion Employer. 


Marine Organic Chemist. Research Associate in 
the Couueraiivc Institute of Marine and Atmo- 
spheric Sciences. University of Miami and National 
Occanic and Atmospheric Administration. Experi- 


ence in GC.-MS-DS and sampling Fmm ships or air- 
craft desired. M.S. preferred. Coiuhci Chairman 
Search Cunimiuce, D.K. Atwood. NO A A' AO ML 
i5 f ?!„ Rkkc,,baLkcr Causeway. Miami, Florida 
3SW9. 

An Equal Opportunity Employer. 


PHYSICAL OCKANOCRAPHER/Unlvcrally of 
Washington. Hie School uf Oceanography invites 
applications Tor a tenure-track position in Physical 
Oceanography. It is anticipated iliai appointment 
will lie at the Assistant Professor level, nut applica- 
tions for more senior persons are welcome. Appli- 
cants shnuld hate a strong background in data in- 
terpretation and ihc application of fluid dynamics to 
modern nbscr rational oceanography. Teaching al 
the mnlergraduatc and beginning graduate level 
w ill be emphasized, and ihc successful candidate will 
he expected to develop a funded lesearch program 

in veil vmg graduate students. Apulic shook" scud 

a vita, pcmiicni reprints, and the imnics «>r four ref- 
erences to Dr. Brian T.R. Lewis, Director, School of 
Oteanoa ^ phy . W B - 1 0, University of Washington. 
Seattle, W A 9H 1 95 (lei.: 2tK.-5-13-CUH7l. The cVsing 
date fur apphrai ions u Novemlier 1, 1983. 

The University or Washington is an Equal Oppur- 
liinily/Airirm.iiire Action F-mplover. Oceatioernuhv 
Aflv-ertisvniciu Nu. 832. fir. 

Supervisory Oceanagraphnr/Nutional Ocean Ser- 
vice. Physical Oceanographer. National Ocean 

,u RP" Hor ) *?anoKraphcr position is im- 
ntediaicly available as Chief, Data Processing and 
Analysis Unit. Circulation Section. OITice ofbccan- 
ogruphy and Marine Service. The incumbent, will 
supervise seven oceanographers and one physical 
science technician. Duties include planning circula- 
tion surveys conducted by NO A A vessels, processing 
dala collected, and conducting tidal and nontidal ' 
armlvsc* . Data collected include current meter. 
t.1 U. and meteorological data acquired from the 
Nation s estuaries and inner continental shelves Cir- 
suiw™ Suivey Rcpotls arc published for nttijor 

The incumbent will be expected to write technical 
reports on tidal hydrodynamics and related subjects 
P" h *,? n l | pP™ al professional conferences, and 
publish (n refereed journals. Hc/she will serve as an 
advisor to tower level employees. 

Al least three years of progressively responsible 
experience is required and an M.S. degreTin nhvsi- 
cal oceanography , or equivalent, is desired. Appli 
cants with experience with oceanograpliic Instru- 

dtfn nrT’ 8 ." 3 °|' 0 5 eano 8 ra pfilc data, utiliza- 
S/f'H methods, and computer techniques 
will be given pnority consideration. ^ 

Appliauon deadline is August 26, 1983. A com- 
pleted Standard Form 171 should besubmiued to: 
NGAA/Nauonal Ocean Service 
Ms. Delores C. Hayes 
AT/PER15, WSC-1, rAi. 710 
6001 Executive Boulevard 
r jj. , *9 ckvillc . Maryland 20852 
For additional inrormation, contact Charles R. 
Muirhcnd, (301) *(43-8501. The position is a GM-13 
salary range *34,930 to *45.406. 1 

An Equal Opportunity Employer. 


RESEARCH 
ECONOMIC 
GEOLOGIST 


aeeWra P appficanla , c ,US8um . 0 [. Na ^ r al History Is 

sponslblllty Is to carry out a C Geology. Major re- 

tory studies on ihe origin anKv^opS and labora- 

Ctoae worklna ralaifnnlhlmt Snih >he world. 


C^ao^ngref^S in ihe world, 

work are encouraged, [nvohzamant vSih^^fI , » 0rs , to J broa{,en 1,10 “op® of the 
ble. Minor reapoffililes IndSS some w^cSonl dB i 8lre 3' V lso P 0381 * 

grams (symposium or exhlbHIon) T?io position ihnSn andjublfc pro- 
carry out mfior research orotecto on n Wo fre0 f 1 P m and support to 

live or academic responsrtrilltes. rae 800 01 un,8ttered b y major admlnlsira- 


Visiting Research Scientist 
Radio Emission Processes 

Applications are invited for a visiting research scientist position in 
the Department of Physics and Astronomy, The University of Iowa, 
Iowa City, Iowa. 

This position is Intended to support a multidisciplinary study of 
planetary, solar and astrophysical radio emission processes funded by 
the NASA innovative research program. Applicants must have a 
Ph.D. with a good theoretical background In basic plasma physics 
and experience In either experimental or theoretical studies of plane- 
tary, solar or astrophysical radio emissions. Our intention is to favor 
established scientists with research experience in this area, although 
junior scientists with an appropriate background will also be consid- 
ered. The salary will be commensurate with the experience level. The 
appointment can be for any period up to one year, with a possibility 
for extension to a second year, depending on funding constraints. 

Send curriculum vitae and a list of three references to: 

D. A. Gumett 

Department of Physics and Astronomy 
The University of Iowa 
Iowa City, Iowa 52242 
Telephone 319/353-3527. 

emph ^ n,uers ^ ^ 0UJQ an offlrmailue action/equal opportunity 


aalc position ns an electron micruurobe snuciiilixL 
The appointment will be a fi.lly fu .dwl. cm^^nt 

Primary Julies arc the operation and maiittc- 

and^DS «™SlV IOma ii' "£™ ' icrt, l jra bc witli VVDS 
a !I i l ca P a ™l | lk : * and the supervision of n«<rw-;-ji 
laboratory Facilities. Addluonal dmjes SchS^ he 

AntSrv'r Sui S inV ° ,Vlng 


(liMcinmon reseiireh. Wc nre pnnicutarir “j** ^ 
in a seismologist, bui persons with experioiK 
other geophysical techniques arc invited loaK*)' 
Minimum ijiinllficjlions i «cLi«dc ait 


M ft liniii iii tj u n ilfiealion a i iicLirie an earned ^ 
ate Iii geoiihysicv or a closely related ar “ 
onairaLcd research capahiHly- Teaching expnj® 
and demonstrated ahtlliy to secure 
a.e desirable. The position is available in 
198-1 for 9-momh academic year. ApFjK* 


Application deadline is July 31 irjog |_._ .- 

_ Bert E. Nordlle 
Department of Earth Sciences 
* ow ® State University 
253 Science 1 

i C .. Ames. Iowa 50011 

"pp"umltTf,r- 

WrighTs^^T,",' “ tW'*! ScI '“«*. 

1'Tgical Sciences, lnvit«%p£[iStf P ro r T nl o1 ^ ^. C:c °- 
™i.h5 , r, m:,n * be_!ippmn[<5{fsera?.m 


1981 fur 9-munih actwlemic year. 
be at the rank or Assisinm or Associate rc°[ 
Salary and academic rank will be depcmle 
experience and qualifications. , ,-i.ntaH 

Appliralions and names, addresses and W 
numbers of at least three reference shouw. ^ 
milted lu Dr. Chandler Swan berg. Depan 
Earth Sciences, P.O. Box 3AB, us Crudes, 

88003. inflSyiJfc 

Applications received by October 15, 
given preference. iffirmati** 1 ' 

New Mexico State University U 4,1 
lion/Equal Opportunity Employer. 

POSTDOCTORAL POSmONWaihing^i 
vanity. Elecinjchemisl, n»du 

lor in high temperature ( > I iTScctrofT** ’ 

geochemical Interest and direct siljtajjj . ieB1 pcr*' 
a smelting technique. Expenence '*?,£!=£ g|«iro-. 
lure electrochemistry essential, in iUks . u jnoc- . 
chemistry strongly preferred. B=tck|vci ^ 0<e ^. 
ganic chemistry desirable. Position 
Ber. 1983, salary *18,000 neri-cnr.Senfl^ 
transcript, and names or 3 re *5 r S! , ^iarv Sde# 1 * 4 
Haskln, Department Earth and Pi iaj" IfiigO, . 
Washington University, 5t- Lou(S. ^ 

An affirmative acUort. equal opportunity, r. . ; 


ATTENTION 

non-u.s. members 

To speed your book or 
journal orders use AGU's 

TWX number 

TWX 710-822-9300 

7 days a week 
24 hours a day 


Fleridi International Universlty/Fscully Positions 
t,C«|ogy. The Earth Sciences program at f-lon- 
di Inicmational Univenit); is expandfng and pLms 
tabemse the number of its faculty positions m the 
mi few tears. In order to complement exisiing In- 
luwwnil and research strengths, the university in* 
tiici applications for tenure track posiiiuns at Lhe 
iniitint professor level in the following areas of 
ucdiEiaiion. 

|. 5 imigniphy/Setlinieniology 

f. CeoiiliriKs/Murinc Geology _ 

j, igneous Peiralogy/Gcochemtstry/Economic 

( ^unurul applicants must base dcniottiiratcd an 
itifiy to conduct high-quality leaching and the po- 
ttmik to eiublish a productive research program in 
iheir area of specialty. 


Sena i resume, brier description of teaching and 
Kiurdi interests, transcripts and three letters of 
(KumncncUtion to: 

Dr. L Keller 

Department nf Physical Sciences 
Florida International University 
Timiami Trail. Miami, Florida 33'199 
Florida International University is a member of 
the Florida State University system and an affirma* 
liw aanofcqua] opportunity employer. 


Siwtural Geologist/University of Maryland. 

Tbc Depanmcni of Geology, University ul Mail* 
boiai College Park, seeks a ill uctitVal geulngisi to 
Hlaicourc-irack pusiliuii at I Ik- Assistant ] l t»ii'i»ii 
ludln August, 108-1. The .ippik.ini should have a 
looidiiimeni toward quality rcsc.iix.h and >..111 i'Ui- 
ml'uleioai rapidly dcvclopiiig M.S. .uni Pli.U. pio- 
jum as wll as an established muh-tgr.HiiiJtc *.<nn* 
pwieni. Teaching responsibility iiuhulo miiuIiimI 
B^hRVi.'cclonics, and applied' gc,,],h\ii, >. 

Inc College I*ark tniiipus is bxailfd in ihe Wasli- 
isiimraciropoliiflii area close to USfJS, Cainegiv 
mtiiiute, SmiilisoijLin Instil lit ion. NHS. and L'.S. 
Bumu of Mines. The UuueiMiv iuiii|mii«*i l.irilities 
<™sisio[ two Uliivac 1 180 uHiipuivis. llnec IBM 
•y 1 1 jwnptuers, and several lmmlreil lenn-u- icrini- 
njj. Depat iniental facilities liiihiilc Ixisie geuphysi* 
■Jlcxpliiraiioii ci]ui|iinem. iorl jtrr|<aiaiinu ei|iiip- 
mcni. high-teitipeiaiuie anil high luessinv *-quiii- 

vJr 1 m ' lier * | l synthesis ami oiiuililuiiiiii si ml its. 
r 5 « D ' M* "Ml mkloimiU*. 
ri-r loll consideration. .11 min ants imssessiiiu lli.l). 
wild send a cirriciiHun vitae, thlte Idlers nl ref* 
^"rk and «»f reican-li m H. 1.. Nicl- 

^Utiirman, Search Commit in.*, -lit ol 

M74 L hy ° f ““ >L,,kL ,,Jrk ' 

An Equal Opportunity Einpkiyct . 


ajdrtgeologlst, Hydrologist, or Water Itcsourccs 
™“n-* The Kansas Uenlogii ,il Sutvey, a division 
« ine Utuyersity ol Kkiisos, .solicits atinliraiions for 
orogeolog i s i , hydrulnuUt. or water lesuinies 
Punnet. Permanent, full-time ixisilion snbjeil lo »n- 
lewew. Salary Uanue: *‘Jtt,tltin-*:\II,Iim> tier 


hydrologic modeling and capability m - - , - Y . . ai lO0 „ 

Wi aese models to dillm em liydnilnuk and wu- 92152. Closing date: An mm S 1 ,1 983 
forming problems to iiaitiuilar areas in Kansas. The Universily of California, San Diego is an 
qualificaitons: Ph.D. decree in one of ihc Equal Opportunity Affirmative Action Employer. 


ahovc fields, and 2-3 years of research experience 
ill water resources related studies. H 

Freedom lo conduct research within the frame- 
uoi k nf the KGS ( .cohydrolugy Section's programs 
and support of a university environment. Opportu- 
miy for graduate study or'teaching; and Fulh 1 fund- 
ed research u p| him unities in cxcclfcnt research Facil* 

Ctomaci .Personnel Manager. Kansas Geological 
Survey. 1930 Consiant Avenue. Campus West. The 
V. n ‘^5„ rsi, y °« Kansas, Lawrence. Kansas 86044 (Ph 
91 V8G4-3965) for full position description, or to ap- 
ply, send resume, college transcripts, list of pub- 
lished research, and three letters or reference IVi- 
10 applications received bv Ocw- 
ber 31. 1083. Applications will be accepted and 
reviewed ever)- thirty days thereafter until the posi- 
liini is filled. 

A,T,oS«i L pS J ™r uN, ™ AFF,RMATivE 

Iowa State University of Science and Technology, 
Department of Earth Sciences. Applications are 
Invited for a tenure track faculty postdon in Meteo- 
rology. Rank is at die assistant or associate professor 
level; dependent upon qualificaitons. The successful 
applicam will be expected 10 develop a strong re- 
search and graduate student program and will teach 
undergraduate and graduate courses for mcieorolo- 
gy majors. 

The position is For a person with proven expertise 
within the general area of dynamic meteorology. 
Teaching will involve an undergraduate course In 
synoptic mcicnrulugy, in addition 10 cuiines related 
to the field of expertise. Completion of the Ph.D. 
prior to appointment is stronglv preferred, in addi- 
tion, research ability shown by other publications 
and/or postdoctoral experience will be an atlvan- 
tage. 

Iowa Slate oilers degrees in meteorology through 
the I’h.D. Hie program includes about 60 under- 
graduate majors; lhe gradualc/researclt program is 
strong and emphasizes theoretical, dynamic studies. 
Close relationships are established with the facilities 
and personnel ut major national laboratories. New 
campus facilities fur meteorology are currently un- 
der construction. 

The appointment is expected to begin nu later 
than September, 1984; an appointment during the 
current academic rear may be possible. Application 
deadline is November 1, 1983; later applications will 
be accepted if the position is n<n tilled. Fur applica- 
tion information plc.ue write to; 

Dr. Bert E. Nnrdlic 
Department of Earth Sciences 
luwa Stare University 
253 Science I 
Ames, Iowa 500 1 1 . 

low.i State University is an equal ci|jpununiiytor- 
[irniativc actum employer. 

Research Scientiat/Spnce Plasma Physics, Universi- 
ty of Iowa. A levc.irth jmuiion is available in the 
Department nl I'lnsics anil Auronumv. ‘1 lie Univer- 
sity III' I nun, I nr tlwntclkal and inlet puuiivr* stinl- 
icv n| waves ill spine plasmas. Specific emphasis is 
mi iluitHikdl invest in. i[i< ins nl ».in-*p.iri|ili- imei.u- 
linns in irl.i 11 ,-t.ii v iiugiii*noplu*ies .mil in ihe snlar 
wind. I fu se iuvc-stigiiiiiuis ate tu Mipputi tin* iiiii-i - 
pi ci. itii >11 *il data being iiliiaiued 1111111 vpdtiMdli 
uinjects inch as Dynamics t.xphrci. liiKiiiaUmi.il 
Sun Earth Explui er aiul Vnv.iger. flu* .cp|iln.im 
must leave .1 l*li.n. villi g>*«l nii.ilitu aiinns ill jjIjs- 
111 a plivsics theni'y .mil ximud nave suine cxjK*nen«.r 
in the intei pteiatiuit ol spate plasma plnsicsd.Ua. 

Send ;i resume and the names nf llncc iclei ernes 
familiar with the applicant's work 10 : D.A. Cunieu. 
Department nf Physics uni Asti nm wn\ TIi*. Univer- 
silt nl low... low.i I'itt. low . 1 V.MK, li li-plione * 1 1 ' - 
353-3527. 

Hie L'niveisiiv nl Iowa is an alltimaiisr oliwhi' 
cqu.il opportunity enipbiyei. 

University of California/Assistanl Researcher. 

Sc ripps lusiiiiilinii ol Oceanography invites aupli- 
1 iii inns hu the position of Posieranualc Researcher 
(In migli Assistant Researcher. Appointment as As- 
sistant Researcher requires a publication record. 
Hie position is in lhe Upper ocean physics group of 
the Marine Physical Laboratory. Active research ar- 
eas intitule air sc;i interaction, internal wave and 
mixed layer studies, as well as dupplcr acoustic sen- 
sor design. ( jindidales slim lid have a Ph.D. 111 
Oceanography, Physics nr Engineering as we 1 as 
experience and a desire to pat Ucipiitc in field re- 
search. Salary range: *15,930 to *2O.8tJ0. Send cur- 
riculum vitae and names of references 10 Professor 
Robert Plnkcl, Marine Physical Laboratory, Scripps 
[nstimitoii of Oceanoarnphy. UCSD, San Diego. CA 
92152. Closing date: August 31. 1983 

me . r t ..f*!,.. Cast nianA IB Alt 
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Announcements 

Dee P Fault Zone Drilling 

inv «ed For a special session on 
driUinr, : l hc °P er ational aspects of deep 

durinl,/ 1 a 5^ fa “lf zones that will be held 

F *ncii e n 983 i GU Fal1 Meetin » in San 

■^ademv’ rc' raber 5 “ ! °- The National 
DriUj n f*°' , nces Continental Scientific 

f ° f um fo r Qm ■ M su PP or,s the session as a 
'Merest in ^ au 8 ll, 8 the geology community's 
tag knm„i^ eep drilling as a tool for advanc- 
g j °f earthquake mechanics, 
hoila r|v it, 6 rcsearcfl °n active faults, par- 

Iq light * , n An dreas fault, has brought 

tkiuly addreswi " u F “ , “ es that ™*y be effi ‘ 
^“mically by Conn B into or near a 
**ariiai, P1 . U r^ ru P Lure zone. For instance, 
San a * on 8’ 8 Ending dispute whetlt- 

Hre « n £ l !5 as ^ au *t is in a stale oF low 
^ ^ observed ^ 1 J 0 ” N D n, ‘ 2) as soggesLed 

1^1000 x in'u ° W * ,eal flow or J tress 
bundles of rna r . as . su 8gested by labora- 
^tr at rac K fiction; it is not known if 
Jjiicd, Dlemir t ?® en ‘ c ^ e P l hs is mobile or con- 
iul1 Reomp.« ° r ?P arse: the Correlation of 
■"“h sesimir iDirtcralogy/petroFabric 

! lIr ej, Howpv^^I^ ,a _ limited to loose conjec- 
8mu ch mo r „ e ;L l le cosl ° r a single; drillhole '■ 
^iwis can a ir, n mosl geosCtehtific organ!- 
if to £?■ Th ««rore. a go»l of Uii ; ■ 
xpttancr* r.r !? generate a consensus bn the 
rontHK '^tilling,. 

, . u dons will com pletrtent a;smqll , . 
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Faculty Positions 
in Physical Oceanography 
Department of Oceanography 
Naval Postgraduate School 

The Departmental focus on physical oceanography begun several years ago contin- 
ues, with a strong emphasis on all elements of ocean prediction. Two or more tenure- 
earning positions may become available in the next year or so. One is open now. Hir- 
ing will most likely be done at lhe assistant or associate professor level. (Furlher post- 
doctoral positions will ba available, loo.) Successful candidates will have a strong 
commitment lo graduate education and sponsored research. 

A PhD in physical oceanography, meteorology, geophysical lluid dynamics, applied 
mathematics, physics or engineering is required. Ocean dynamic! sis, ocean and 
acoustic numerical modelers, and satellite remote sensing scientists are sought. 

Research and Instructional areas of -preference include: numerical ocean circulation 
modeling, ocean acouslics. upper ocean dynamics, synoptic/mesoscele dynamics, 
and satellite oceanography. Regional areas of interest include tropical oceanography, 
polar oceanography, coastal oceanography, and boundary current regimes. 

Candidates with theoretical or experimental expertise are of interest. The Depart- 
ment consists of 13 tenure-track faculty, two military faculty, a dozen visiting scientists 
and research faculty, and a technical and clerical staff of 25. Thera are in excess ol 
80 graduate students, largely shared with thB Meteorology Department, which Is near- 
ly equal in size and which also has Interests in air-sea interaction and ocean model- 
ing. 

Assets of the Department Include a research vessel with ready access to an excit- 
ing region of the ocean, free access to an IBM 3033, and proximity to the Fleet Nu- 
merical Oceanography Center and the Naval Environmental Prediction Research Fa- 
cility. Links exist lo NORDA. the Naval Oceanographic Office, other Navy labs, and 
NCAA activities, as well as other academic institutions. Altogether, there are over 1 00 
practicing physical oceanographers and meteorologists in the Monterey area. Finally, 
the Monterey area has spectacular climate and scenery. 

Because more than one position will become available, we will receive applications 
on a continuing basis. However, lor lhe first position, lhe initial dosing date will be 15 
September 1983 Send a curriculum vitae, staiemenl of professional interests; and 
names, addiesses, and phone numbers ol at least three references lo: 

Prof. Christopher N. K. Moocrs, Chairman 
Orcnnogra|ihy Department, Cmle f >8 
Naval Postgrad uale School 
Alonlcrc)', CA 93940 

Telephone (108) fi46-2(i73 

The Naval Postgraduate School is an Affirmative Acfion/Equal Opporlunity employer. 
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The Universily of Missouri -Columbia/ Faculty 
Positions, IIk- I'niii-iniv ul MitMuiti-l ■■limi'n.i 
Depart 1 ncxii "i liiri ■!■■>;> plans imiii'.'ili.iic 
llirongli 1 1 if ailiiiiii'ii ul ilirui- ii-lnil .11 k lauilli 
puriiiuiiv .\|i|i<miTiuei>|H an* aTiikip.iii'il al ilic .iwiyi- 
uiu pi'ik-wm leu-l. .ill In *i mil WIht i.mks 111.11 In- 
]*i«ilili-. li-giiuiLiig hi Ahkiim uf I'.ut-I r .iiuIuI.iK h 

will fie ex]>eiieil u> inpli-H-il lequm-mcnis 

fill the I'li I), drgn-v lu Hi, 11 tiiiK*. I .uiilrt inemlii-ts 
are u.i|iiiii , (l provide qualm iminiiliun ai Imili 
uinU-rgiailii.iii.- and iti.uln.ue levels, ami luikIiu.i ic- 
scarLli leading i<> srliul.nl> |nililii.uin>is. -Sihorssfiil 
rtWliilalei will fie iliuscu fl<*m the iullnuiiig 1prvi.1I 
tics: 

F 1 nl- -I .iii* >11 1 ■u*.iji|i\ --ii s 
i..li-1-V .mil ' ■■ upli'M* % 

1 1 \ 1 1 r* •r*c< 

AiuKiii.il S111u111r.il tiO.fl.igr 

(.loMii. Sedmirillnlugv 

Applkams shun Id send resume, irjimripls. ami 
names and addresses ui three references lu: 

Tout Freeman, i hairnwn 
Depanmcni of Gculngs 
Universily of Missouri 
Columbia. MO 05211. 

Research Poilltona/Lunar and Planetary Labora- 
tory. The Lunar and Planetary l-abnrnwiy al ihe 
Universily of Ari/nnn has research posiiions open 
for Research Scirniisu. Rwearchcrs at ihe 1 jlmra- 
lory liave access 10 ihc L'nhcr si tv’s obren-aiories, a 
wide range nf astronomical insininieniaiion. a cum- 
plete collection of planetary images, computers anil 
laboratory facilities. The research ranks in the Labo- 
ratory, namely Assistant Research Scientist, Asso- 
ciate Research Scientist, and Research Scwntsii par- 
allel the tenure track ranks of Assistant. Associate 
and Full Professor. Salary levels are commensurate 
with equivalent icnure-irack ranks. These are not 
tenurablc and not state-funded positions. Research- 


(-(•> ill these |» loiiif > 11 ) will hr i*\|K ili'il in su|i|>K .1 
signilii.ini jintiitm nr .ill i>t ilu-u t.ik.ti ■■-« 1 I 11 il*Ii 
their gi .inis .uni uhiiijiu 
A ulii .inis s| n iultl siihmii .1 until ilium ui.i li»i nl 
itiililii.liinlis. ami lilt- n.u tics "I ill rue lelerriici s tu 
NiiVi-iiiIk-C I. 1‘IH‘t. I 1 Wilki-inii^. I In t*. li.i . 

I iiuai ami I'l.iiK-urt Lit»*i.irory. I uiw 1-111 ul Ati 

Zlllt.1. I lU S' 111 . \Y 1. 

I lie Uim eisitv ul Aii/uua is an I qn.il < 1 |*p* u min - 
ty. A Ihrm . 1 rive Acikiii F.inpluy. i 


DIRECTOR OF SCIENCE National Undersea Re- 
search Program/Un i verally of North Carolina at 
Wilmington. 1 lu- N.Hinu.d l ii'U-t s«-.i R'-si.-.n. K 
Progr.un .ii ilie L im. isiu <<l Nuiili t .1 1 ••In ..i .u V\il- 
niingi'iii is .1 Icdi-i-dly iundi'l iiuiIiisi.ik- iii.uuk n- 
search ]iiugraiii s|K'U>hil-< 1 fiy the San**n.il (tit-.inn 
.mil Alim ispheik Ailtniiiisir.iimii 1 N 1 >AAi. 1 lie 
E’rugram i.s seeking •|tiuli1i«.-cl applu ants fur I lie pnsi- 
liuii uf Dirccinr nf Science. The Uircrmr is n-ypun- 
sil'le lb 1 devL-l'ipiiig the nveiull prngi.uu ulijecnves 
and strategies, as well as fnr diming, rcyit-wing .iiul 
L'junlinating marine research pr>.i|ius.ils I Ik- Diiec* 
lor uf Science repr.ris administratively lu the Pro- 
gram Director. Academic rank ami salary shall be 
cuminciisiirjle with experience and qualifications. 
Starting date is Ociolier I. 1983. 

AppMcanls must have a Ph.D. in .1 marine oneni* 
ed discipline and an established research and publi- 
cation record. A letter ur application, a cuinplcir 
resume anti at least three current letters ul recniu- 
mendatiun should be suhtnitied, no later than Seri- 
tember I, 1983. to: Search Cunimii tee-Direcior of 
Science, Office of the Vice Chancellor for Academic 
Affairs, Univerritv of North Carolina at Wilming- 
ton, 601 South College Ruad. Wilingion. North 
Carlina 28403-3297. 

An Equal Oppominity/Affirmative Action Em- 
ployer. 


number of invited speakers who will address 
well-established aspects of deep drilling and 
review the outstanding scienufic qualions in 
rauit zone properties. Serious contributions 
on matters such as drillhole location, drill 
core acquisition in and out of the fault zone 
proper, and use of the hole for short- and 
long- term experiments in earthquake me- 
chanics are welcome. Case histones in deep 
drilling and/or borehole expenraentalwnpei- 
tinem to the fault problem would be particu- 
larly desirable. Abstracts in standard AGU 
formal should be sent lo Pcler Lea^ or Tom 
Henyey, Department pf Geological Sciences, 
University of Southern California, Ange- 
les. CA 90089-07*41 (ieiephone: 213-743- _ 
8034 or 213-743-0123). In addition, send the 
original and two copies of ihj aiMiracrby -. 
September 14 to AGU Fall Meeting, 2000 
Florida Avenue. N.W. t Washington, DC 
20009. .. . .. . 

South East Asian 
Survey Congress; 

;■ ■' Hong Kong. will host the Second South - 

East Asian Survey Congress, sehetlu[ed for 
■December fi-9;.1983*Tlie meeting wll be dt. 
vided into three bas^C^egor^W*^- 




Congress Secretariat, Second South East 
Asian Survey Congress, 57 ^Vy^dham Street, 
(st Floor. Central, Hong Kong (Telex: 72500 
HX). The registration deadline is September 
30. 

Pacific Marine 
Conference 

The first Pacific Conference on Marine 
Technology (PACON 84) will be Held April 
24-27, 1984, in Honolulu, Hawaii. This in- 
ternational and Interdisciplinary meeting is 
designed to provide academicians, resource 
planners, policy analysis, entrepreneurs, and 
Administrators with an Opportunity lo discuss 
the economic, legal, political, defense, and 
sociocultural dimensions of marine resource 
development and management in the Pacific 
Basin. Special attention will be paid Ip the im- 
pact of marine 'technology on the quality of 
life In tills j region. 

Sessions are planned on ocean energy, pm- 

• rine recreation, development financing, 
ocean mining, ocean science and engineering. 

. marine transportation, offshore resource : de* 
velopment, fisheries, trade, technology trtlns- 
fer, navigation and positioning, remote selis- 
r Ing, and tsunami detection. Research and In- 
. dustrial exhibits svill be on display. : i ; - 

Authors interested in presenting papert at 
the conference should submit abstracts of ap- 
proximately 400 words 10 PACON 84, Center, 

• for Engineering Research, University or Ha- 

• ’ . . Meetings' (cpitl. on p .510 ) 
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Meetings (to nt. from p. 509 ) 

waii at Manoa, HnnuUilu, MI 96822 (tele- 
phone: 808-94 8-733B or 808-948-74491. The 
deadline for abstracts is November 15, 1983. 
Accepted jKtpers will be considered for publi- 
cation in ihe conference proceedings. 

The Hawaii Section of die Marine Technol- 
ogy Sonet v, with die assistance of 12 other 
sponsors train government, education, and 
business, is organizing this meeting. 

AWRA Conference 

The American WaLcr Resources Associa- 
tion will hold its 20th Annual Water Re- 
sources Conference in Washington, D. C., 
August 13—16, 1984. A symposium on Op- 
tions for Reching Water Quality Goals will 
highlight the activities scheduled For August 
15. 

Presentations at the conference will reflect 
three themes: (It Institutional Aspects of Wa- 
ter Management will address such topics as 
state-federal relationships, establishing prior- 
ities for water resources investments, and the 
problems or decaying urban water infrastruc- 
tures; (2) Water Management Technology 
will deal with analytical methods for analyz- 
ing the per for mm ice of water resources sys- 
tems and with innovative and novel ap- 
proaches to ivaier management; (3) Data. Re- 
search, and Assessment needs will deal with 
research needs to .support improved water 
management, data needs for analvzing system 
performance, and future directions for as- 
sessing the nation's water resources. 

1 lie Wiitcr-cpiujiiy symposium will consist of 
two half- day sessions. No technical sessions 
on the main themes of the con I 'ere rice will be 
conducted oil the clay of the symposium. One 
section of the symposium will deal with sur- 
face water quality. Papers addressing this top- 
ic should focus on institutional and technical 
aspects of (mlliitioii control from point and 
nun|Kiint sources, monitoring for water quali- 
ty, water q unlit v-qiia mi ty relationships, anil 
alternative and innovative technology for jwl- 
luiinn abatement. I lie second section of the 
symposium will deal with groundwater quali- 


ty. Papers on this topic may deal with the 
prevention and cleanup of contaminated un- 
derground aquifers, institutional and techni- 
cal aspects of controlling groundwater pollu- 
tion, and groundwater and surface water in- 
terrelationships. 

All abstracts must be submitted (three 
copies) by November 15, 1983. Abstracts for 
conference papers should be sent to Warren 
Vicssman, Jr,, Department of Environmental 
Engineering Sciences, University of Florida, 
A. P. Black Hall. Gainesville, FL 326 1 1 (tele- 
phone: 904-392-0834) or Claire Welly. U.S. 
Environmental Protection Agency, WH-505B, 
401 M Street, S.W., Washington, DC 20460 
(telephone: 202-382-4806). Abstracts for sym- 
posium papers should be submitted to Theo- 
dore M. Schad, National Academy of Sci- 
ences, 2101 Constitution Avenue, N.W., 
Washington. DC 20418 (telephone: 202-334- 
3083). 

The general chairman of the conference 
and symposium is Arlene Dietz, U.S. Army 
Corps of Engineers, Institute Tor Water Re- 
sources, Casey Building, Fort Belvior, VA 
220G0 (telephone: 202-325-6768). 


Hawaii Observatory 
Diamond Jubilee 

The Diamond Jubilee of die Hawaiian Vol- 
cano Observatory is being planned for 1987 
in Hawaii National Park. Founded in 1912 by 
Thomas Jaggar and operated by the U.S. 
Geological Survey (USGS) from 1924-1935 
and since 1947, the observatory has pioneer- 
ed some of the techniques now used at some 
25 worldwide volcano observatories that mon- 
itor active and potentially active volcanoes. 

The international scientific meeting that 
will mark the observatory's 75th anniversary 
will focus on volcano monitoring and on re- 
ducing volcanic risk. The formal meeting will 
be interspersed with field trips to vulcanic 
sites on the island of Hawaii. 

For more information, contact Robert W. 
Decker, Scientist in Charge, USGS. Hawaiian 
Volcano Observatory. Hawaii National Park 
HI 96718. 
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AGU Fall Meeting: 
Housing and 
Registration 


The 1983 Fall Meeting of the American 
Geophysical Union will be held in San Fran- 
cisco, California, December 5-10 at the Ca- 
thedral Hill Hotel and the Holiday Inn Gold- 
en Gateway Hotel. San Francisco is a dynam- 
ic. exciting city, known to the world Tor its 
spectacular scenery, fabulous restaurants, cos- 
mopolitan life style, and gentle climate. It is a 
superb meeting location at any lime of die 
year. 


Registration 

Everyone who attends the meeting must 
register. Preregist ration (received by Novem- 
ber 10) saves you time and moiicv. The fee 
will be refunded to you if AGU receives writ- 


RETURN THIS FORM WITH 
PAYMENT TO: 

Meeting Registration 
American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 

PLEASE PRINT CLEARLY 


NAME ON BADGE 


AFFILIATION 


MAILING ADDRESS 


AGU 1983 FALL MEETING 
DECEMBER 5-10 
San Francisco, California 

REGISTRATION FORM 

l ^adiii^ forM^jit 'of . 

I :•;>•.■ ■ Preregistration t ^ 
f NOVEMBER 10, 1^83 

(rates applicable only if received by November 10 with payment) 


MEMBER 

STUDENT MEMBER 
RETIRED SENIOR MEMBER 
NONMEMBER 
STUDENT NONMEMBER 


More than 
one day 

□ $65 

□ $32 

□ S32 

□ $90 


One 

tiny 

□ $32,50 

□ $16 
□ $16 
□ $45 


□ $41.50 □$20.75 


Telephone# 

HOTEL 


Days you plan to attend 

Please check the appropriate box(es) 

□ Dec. 5 □ Dec. 6 Q Dec. 7 

□ Dec. 8 □ Dec. 9 Q Dec. 10 

Please check appropriate box. 

Members of the cooperating societies may register at AGU 
member rates 

Member budges are blue on while 
Non member badges lire red on white 
O Member AGU Q Nonmc tuber 

□ Member cooperating society 

□ AMS -American Meteorological Society 

□ ASP-American Society of Photogrammetry 

R Gongress on Surveying and Mapping 

□ EGU- European Geophysical Union 

□ UGM- Union Geofisica Mexicnna 

Nonni embers 

The difference between member (or student member) 
rcgis ration and nonmember registration may be applied to 

m AGLI h S J f p h° mP Cl m ™® mberehip application is received 
at AUU by February 10, 1984. 

PrcreglsCnmt* 

Your receipt will be in your preregislraiion packet The 
registration Fee wttt be reftmded if wrilien notice of 

r C H 0lVed !" ' h l Aa!J °f n " November 28: 
Tlte program and meeting abstracts will appear in the 
November 8 issue ofEos. ■ . . ; p • ■ ■ ■ 
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SECTION LUNCHEONS/DINNER 

Circle section and indicate number of tickets. All lunches 
begin at noon. SPR dinner begins at 6:30 P.M. 

Planetology/Volcanology, Geochemistry and 
Petrology, Tuesday, $9 

Seismology/Teetonophysics, Tuesday, $5 

Geomagnetism and Paleomagnetism. 

Wednesday, $5 

Hydrology, Wednesday, $9 

Ocean Sciences, Wednesday, $9 

??i a r? landary Relation ships, Wednesday, 

$20 (dinner) J 

Atmospheric Sciences, Thursday, $9 

Geodesy, Thursday, $9 

Total Enclosed $ 

(AH orders must be accompanied by payment or credit 
card information. Make check payable to AGU ) 

□ American Express 

Charge to: Q Visa flUT l gpj fagpi 

□ Master Card E22) sSh 


Card Number , 

Master Card Interbank No. 
Expiration Date ■ 
Signature - - 


Office Uit 


. . V.- ; j.. 


KcgisitaiKiu i ales are ils f r ;n ows . " wr «- 

Pi-evcgis- Af[f[ 
_ lmmn Not. n 

Mel tiher S65 

St mien i inenilier $32 

Retired senior member $32 jj! 

N mu ncii liter $g n *Tj! 

Sum Inn nuiimemlier $-11.50 

Rcgisinuinn nn- t day only i, a ,^ 
otu. hall the uluive rates, either in advjnr.^ 
atilie meet mg. Members 0 r the 
k ^.mlogttul .Society, the American 

"V. h • ° Kr n 1 ll “ 6, "l»oCnE 

tal Union, Union (.eohuca Mexicanfand 
the American Congress on Siirveyinfand 
Mapping may register at the AGU mcml*: 
rales. 

I he difference between member (ora. 
dem inenilier) registration and nmmtah 
legist rat um may lie applied to AGU mmib 
ship dues if a completed membership apdo. 
»km» n received at AGU by February 10, 

I n prercgi«er, fill out the registration 
form, and return it with your payment to 
AGU by November 10. Your receipt «ifl he 
included with your preregislraiion materia]* 
the meeting. Preregist rants should pickup 
their registration material at the registration 
desk at the Cathedral Hill Hotel. Hours uri 
A.M. to 4 P.M., Monday through Samnfaj 
On Sunday, December 4, registration hoini 
are 5:30 to 7:30 P.M. 







Hotel Accommodations 

Blocks of rooms ($47 singles, $53 doublei 
are being held at the Cathedral Hill (he 
Holiday Inn Golden Gateway, die Holiday 
Inn Civic Gciilci , tlic San Franciscan, and the 
Grosycuor Inn lor those attending. Read the 
housing application, arid mail the completed 
application form to the housing bureau early 
to ensure reset vat ions at your preferred bo- 
ld. Reservation forms must be sent dfocflyb 
the Housing Coordinator, AGU Fall Mataf. 
San Francisco Housing Bureau, P.0. 

5612, San Francisco, CA 94101. Do noi«n>i 
housing reset vat ion forms to the hotels. 

Reservations must lie received by Now* 
licr I to l»e confirmed. Do mil write or all 
AGU lot loom reset various. 

Free parking is available only to regisimJ 
guests <i| each hotel as indicated. 

Scientific Sessions 

The Gall lor Papers, including specifica- 
tions lor abstracts, was published ill the Jnof 
28 and July 26 issues of Em. The program 
summitry will he published in the October l- 
fios. The preliminary program along with ^ 
aim rads will be published in the November J 
Km. The I inn I program, with presentation 
limes, will lie distributed at the meeting- 
ctuilic .sessions will he held at the Cathedra 
Hill and the Holiday Inn Golden Catena) 
hotels only. 

New Spcciil! Sessions 

Atmmphnic Sciences (A) 

Thunderstorm Dynamics and Elccirkiiy 
Lightning . _ • 

Cooperative Cntiveclive Predpita |wn “r^" 
mem (GCOPE) ,. fll 

EL Niflo 1982-1983 (cosponsored witnui 

Ocean Sciences (O) 

CODE/SUPER-CODE/OPUS - 

Subsea bed Disjiosal of Nuclear WaMU- 
Assessment e . m 

El Niflo in the California Current Systw 

Tectona physics (T) 

Deep Fault Zone Drilling 
Paleomagnetism and West Coast T^vSLf,. 
Problem Solving with Rock Magnetic 
niques: A Workshop 

Session Highlights 

See the June 28 and July 26 
for descriptions of other special sesw**' 

Paleomagnetism and West Coast 
(CP) 

Because there Is much to h? 
setting one's results in a larger ifjv" 
this session will encompas^any P 3 -' 
western Americas from Potht flarm , ^ 
Horn and from well inboard tp Tj.ipn-: 
of the present continental ^f8 in ' uwgries 
mary focus will be on the kinema . ^jjj. 
of terraces and plates as . . 

leomagnetic evJafcnce (e-g- tfptf 

models, regional geologic ' 

provide important coristrainU; 0 ^ Jjpdtii; 
displacement and jn situ roWP? - i.. 
oriotis terraces..' , " , ; . i !• * , • 

Problm Solving xinth " • 

Technitpies: A Workshop (Or) ! ; : - 

.The purpose of this 
sent spedal applications of 


m a broad range <»f Itelds such as 

S ^Zks. geology, planetary tnenue. and 
I*. A wide variety of papers ts encuut- 
a J Examples of top.es to be addressed in- 
Le conventional applications of mk mag- 
S, to paleomagnetism; interesting exam- 
S recognition of CRM and VRM; useful 
Urmation stored in secondary components 
if NRM- applications of magnetic anisotropy 
fabric analyses and tectonics; solving prob- 
ItM encountered in determining palcomicn- 
Btyiand applications to biomagnet ic phe- 
nomena. 

Otttmographic and Geodetic Research With 
Ahiatiiy Measurements (O and G) 

Papers discussing current research in this 
irn are soliciled. Overviews and updates nf 
future satellite altimeter missions (c.g., GEO- 
SAT and TOPEX) will be presented in invit- 
ed talks. Abstracts, in standard AGU formal, 
ihould be sent by August 31 to C. J. Kob- 
luaky, Mail Code A-030, Scripps Institution 
or Oceanography, La Jolla. CA 92093 (tele- 
phone: 619-452-4775). In addition, send the 
original and two copies of the abstract by 
September 14 to AGU Fall Meeting, 201 W 
Florida Avenue, N.W., Washington, DC 
20009. 


El Niilo in the California Current System 

(O) } 

Observations of the California Current 
during 1982-1983 show several anomalous 
conditions: warm sea surface temperatures, 
major depression of the thermodme, and 
pronounced subsurface warming relative to 
historical data. The anomalies are coincident 
with the 1982-1983 equatorial El Nirto. This 
session encourages both observational and 
theoretical papers which document ihe 
strength or the 1982-1983 event and inter- 
pret die observations in terms of either direct 
or remote large-scale air-sea interactions. Re- 
sults that show the efTect of these anomalous, 
large-scale processes on small scale or meso- 
scale processes in the California Current also 
are encouraged. For more information, con- 
tact session chairman J. J. Simpson. Scripps 
Institution of Oceanography, A-030. La Jolla, 
CA 92093. Send the original and two copies 
of the abstract by September 14 to AGU Fall 
Meeting, 2000 Florida Avenue, N.W., Wash- 
ington. DC 20009. 
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I FIELD TRIP FORM 

8 I wish to attend the Franciscan Nano-lcrranc field trip on Sunday, December 4. 

{ My cheek for $25 is enclosed. 

j In case 1 am not among the first 40: 

| □ I wish to be pul on the wailing list. (If you don't go, money will be relumed on the 

J day of the trip.) 

I □ I wish my money relumed. 


j Signature. 


Address . 


Telephone. 


.Print Name. 


{ Mail form to: M. C. Blake, Jr.. Mail Stop 75, U.S. Gculogicnl Survey, 345 Middle field 
I Road, Menlo Park, CA 94025 



] American Geophysical Union § 

1983 FALL MEETING 


HOUSING REGISTRATION FORM 

i READ CAREFULLY and RETURN FORM DIRECTLY TO THE SAN FRANCISCO HOUSING 
BUREAU AT THE FOLLOWING ADDRESS: 

Housing Coordinator 
AGU Fall Meeting 
SF Housing Bureau 
P.O. Box 5612 
San Francisco, CA 94101 

Please prim or type all information, abbreviating as necessary. Confirmation will be sent by the hotel to 
the individual named in Part 1 . If more than one room is required, this form may be photocopied. 


Part 1 


RLyVF-STOk 


hotel accommodations 

PARTICIPATING HOTELS 

Cathedral Hill Hotel 
Van Ness at Geary Street 
(900) 227-4730 

Holiday Inn Golden Gateway 
1 500 Vttn Ness Avenue 
(415) 441-4000 

Grosvenor Inn 

Van Ness and Geary Street 

(415) 673-7411 

Holiday Inn Civic Center 
50 8th Slrecl 
(415) 626-6103 

San Franciscan Hotel 
1231 Market Street 
(415) 626-8000 

Room rates for all hotels 

Single $47 
Double $53 
Twin $53 

Suites available upon request 

IRKING: Cathedral Hill Hotel; free to registered guest 
Holiday Inn Golden Gateway; free to 
registered guest 

1 San Franciscan Hotel; free to registered 

| guest 

' bv rcserVa dons must be made on the housing form 
! accera!5 m S Cr *■ ,983 - No telephone requests will be 
1 legist ’ ^Herniations will be mailed' directly to 

j hi tv 8 " 18 by fhe ^dividual hotels. After confirmation 
J ny, an rece ived, changes and cancelations should be 
■ dlle «ly to the hotel. ! 

851 your completed form directly to: . ' . . " 

^ingCoonilmttor • ' • . . 

AGU Pap Meeting r • . 

nF^cisco Housing Bureau 

£0* Box 5612. • 

, - n Fr ancisgo, CA 94I01 : ' . ' 




Name of Company or Firm 


Street Address or P.O. Box Number 


SlatefPrav. 


Telephone Number 


Zip-U.S.A. 


Part H 


INSTRUCTIONS: Select THREE Hotels of your choice from the List of participating facilities, then 
enter the name on the lines below, 


First Choice 


Second Choice 


Third Choice 


NOTE: Rooms are assigned on a “First Come, First Served" order, and ir none of your 
choices are available, another facility will be assigned based on a referral system. A 
cut off date is in effect; your application may not be processed if received after 14 days 
prior myou r^iva! JL AGU honslng registration deadline is November 1. 


Part HI 


INSTRUCTIONS: 1 . Select type of room desired with amval and departure dates. 
i^ 1 * 2 PRINT or TYPE names of ALL persons occupying room. 

3. If more than two persons share a room, check twin and the hotel • 

. , will assign two double beds: ; . 


CHECK ONE 


□ SWOLE (RVO* *i* “t* M 

□ PQUB UH (Rural wife cno bed two penorn) 

P TWIN (Rboat wlih W* t *° 

□ KTRA.PBftSOW; 


Arrival Date. 


v . Depwhmilnw- 


Ovori Nttnrta (Lui namq (Ini) 

t. -- — I 











